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(54) Ink-jet printhead having hemispherical ink chamber and method for manufacturing the same 



(57) An ink-jet printhead having a hemispherical ink 
chamber (114) and a method for manufacturing the 
same are provided. The ink-jet printhead includes a sub- 
strate (110), in which a manifold (112) for supplying ink, 
an ink chamber (114) having a substantially hemispher- 
ical shape and filled with ink to be ejected, and an ink 
channel (1 1 6) for supplying ink from the manifold (112) 
to the ink chamber (1 1 4) are formed to be integrated into 
one body, a nozzle plate (120) formed to have a multi- 
layered structure, in which a first insulating layer (126), 
a thermally conductive layer (1 27) formed of a thermally 
conductive material, and a second insulating layer (128) 
are sequentially stacked, and having a nozzle (122), 
through which ink is ejected, formed at a location corre- 
sponding to the center of the ink chamber (1 1 4) , a nozzle 
guide (130) having a multilayered structure and extend- 
ing from the edge of the nozzle to the inside of the ink 
chamber, a heater (140) formed on the nozzle plate 
(120) to surround the nozzle, and an electrode formed 
on the nozzle plate to be electrically connected to the 
heater (1 40) and supply current to the heater (1 40). The 
nozzle guide (130) is formed by extending the thermally 
conductive ( 1 27) layer and the first insulating layer (1 26) 
of the nozzle plate (120), and the thermally conductive 
layer is formed to have a multilayered structure, in which 
the thermally conductive layer is surrounded by the first 
insulating layer. Accordingly, it is possible to satisfy re- 
quirements of a printhead. In addition, since the nozzle 
guide (130) is strong enough to not be deformed and 
heat can be quickly discharged through the thermally 



conductive layer, it is possible to increase the driving 
frequency of the printhead. 

FIG. 4C 
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Description 

[0001] The present invention relates to a bubble-jet 
type ink-jet printhead, and more particularly, to an ink- 
jet printhead having a hemispherical ink chamber and a 
method for manufacturing the same. 
[0002] Ink-jet printheads are devices for printing a 
predetermined image by ejecting small droplets of print- 
ing ink at desired positions on a recording sheet. Ink 
ejection mechanisms of an ink-jet printer are largely cat- 
egorized into two different types: an electro-thermal 
transducer type (bubble-jet type) in which a heat source 
is employed to form a bubble in ink causing ink droplets 
to be ejected, and an electro-mechanical transducer 
type in which a piezoelectric crystal bends to change the 
volume of ink causing ink droplets to be expelled. 
[0003] FIGS. 1A and 1B are diagrams illustrating a 
conventional bubble-jet type ink-jet printhead. Specifi- 
cally, FIG. 1 A is a perspective view illustrating the struc- 
ture of an ink ejector disclosed in U.S. Patent No. 
4882595, and FIG. 1B is a cross-sectional view for ex- 
plaining the ejection of an ink droplet in the ink ejector. 
[0004] The conventional bubble-jet type ink-jet print- 
head shown in FIGS. 1A and 1B includes a substrate 
1 0, a barrier wall 1 2 installed on the substrate 1 0 to form 
an ink chamber 13 for containing ink 19, a heater 14 
installed in the ink chamber 13, and a nozzle plate 11 
having a nozzle 16 for ejecting an ink droplet 19'. The 
ink 19 is supplied to the ink chamber 13 through an ink 
channel 15 and to the nozzle 16 connected to the ink 
chamber 1 3 by capillary action. In such structure, if cur- 
rent is applied to the heater 14 to generate heat, a bub- 
ble 1 8 is generated in the ink 1 9 filling the ink chamber 
13 and continues to expand. Due to the expansion of 
the bubble 18, pressure is applied to the ink 19 within 
the ink chamber 1 3, and thus the ink droplet 1 9' is eject- 
ed through the nozzle 16. Next, ink 19 is supplied 
through the ink channel 15 to refill the ink chamber 13. 
[0005] Meanwhile, an ink-jet printhead having this 
bubble-jet type ink ejector needs to meet the following 
conditions. First, a simplified manufacturing process, 
low manufacturing cost, and mass production must be 
feasible. Second, to produce high quality color images, 
creation of minute satellite droplets that trail ejected 
main droplets must be prevented. Third, when ink is 
ejected from one nozzle or ink refills an ink chamber af- 
ter ink ejection, cross-talk with adjacent nozzles from 
which no ink is ejected must be prevented. To this end, 
a back flow of ink in the opposite direction of a nozzle 
must be avoided during ink ejection. Fourth, for high 
speed printing, a cycle beginning with ink ejection and 
ending with ink refill must be as short as possible. In 
other words, an ink-jet printhead must have a high driv- 
ing frequency. 

[0006] However, the above conditions tend to conflict 
with one another, and furthermore, the performance of 
an ink-jet printhead is closely associated with the struc- 
tures of an ink chamber, an ink channel, and a heater, 



the type of formation and expansion of bubbles, and the 
relative size of each component. 
[0007] Accordingly, various ink-jet printheads having 
different structures have already been suggested in U. 

5 S. Patent No. 4882595; U.S. Patent No. 4339762; U.S. 
Patent No. 5760804; U.S. Patent No. 4847630; U.S. 
Patent No. 5850241 ; European Patent No. 31 71 71 ; and 
Fan-gang Tseng, Chang-jin Kim, and Chih-ming Ho, A 
Novel Microinjector with Virtual Chamber, IEEE MEMS, 

10 pp. 57-62, 1 998. However, none of them can sufficiently 
satisfy the above conditions. 

[0008] According to the present invention, there is 
provided an ink-jet printhead having a hemispherical ink 
chamber, the ink-jet printhead comprising: a substrate, 

15 in which a manifold for supplying ink, an ink chamber 
having a substantially hemispherical shape and filled 
with ink to be ejected, and an ink channel for supplying 
ink from the manifold to the ink chamber are formed to 
be integrated into one body; a nozzle plate formed to 

20 have a multilayered structure, in which a first insulating 
layer, a thermally conductive layer formed of a thermally 
conductive material, and a second insulating layer are 
sequentially stacked, and having a nozzle, through 
which ink is ejected, formed at a location corresponding 

25 to the center of the ink chamber; a nozzle guide having 
a multilayered structure and extending from the edge of 
the nozzle to the inside of the ink chamber; a heater 
formed on the nozzle plate to surround the nozzle; and 
an electrode formed on the nozzle plate to be electrically 

30 connected to the heater and supply current to the heater. 
[0009] The invention also relates to a method f or man- 
ufacturing an ink-jet printhead having a hemispherical 
chamber. The method includes forming a ring-shaped 
groove for forming a nozzle guide at the surface of a 

35 substrate, forming a nozzle plate and a nozzle guide 
having a multilayered structure and including a thermal- 
ly conductive layer formed at the surface of the sub- 
strate, forming a heater on the nozzle plate, forming a 
manifold for supplying ink by etching the substrate, 

40 forming an electrode on the nozzle plate to be electri- 
cally connected to the heater, forming a nozzle having 
almost the same diameter as the nozzle guide by etch- 
ing the nozzle plate inside the heater, forming an ink 
chamber in a substantially hemispherical shape by etch- 

45 ing the substrate exposed through the nozzle, and form- 
ing an ink channel for supplying ink from the manifold to 
the ink chamber by etching the substrate. 
[0010] Here, forming the nozzle plate and the nozzle 
guide includes forming a first insulating layer at the sur- 

50 face of the substrate and the inner surfaces of the ring- 
shaped groove, forming the thermally conductive layer 
by depositing polysilicon on the first insulating layer and 
simultaneously forming the nozzle guide by filling the 
polysilicon in the ring-shaped groove, and forming a 

55 second insu lating layer on the thermally conductive lay- 
er. 

[0011] The present invention thus provides an ink-jet 
printhead having a hemispherical chamber, which isca- 
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pable of effectively cooling heat generated by a heater, 
and a method for manufacturing the same. 
[0012] According to the present invention, since an 
ink chamber, an ink channel, and a manifold for supply- 
ing ink are integrated in a substrate into one body and 
a nozzle plate, a heater, and a nozzle guide are also 
integrated on the substrate into one body, it is simple to 
manufacture an ink-jet printhead, and it is possible to 
mass production of the printhead can be facilitated. 
[0013] The above objects and advantages of the 
present invention will become more apparent by de- 
scribing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

FIGS. 1A and 1B are a perspective view and a 
cross-sectional view, respectively, illustrating a con- 
ventional bubble-jet type ink-jet printhead; 
FIG. 2 is a schematic plan view illustrating an ink- 
jet printhead having a hemispherical chamber ac- 
cording to a first embodiment of the present inven- 
tion; 

FIG. 3 is an enlarged plan view of an ink ejector 
shown in FIG. 2; 

FIGS. 4A through 4C are cross-sectional views il- 
lustrating the vertical structure of an ink ejector, tak- 
en along lines A - A, B - B, and C - C, respectively, 
of FIG. 3; 

FIG, 5 is a plan view illustrating another example of 
the ink ejector shown in FIG. 3; 
FIG. 6 is a schematic plan view illustrating an ink- 
jet printhead having a hemispherical chamber ac- 
cording to a second embodiment of the present in- 
vention; 

FIG. 7 is a plan view of an ink ejector shown in FIG. 
6; 

FIG. 8 is a cross-sectional view illustrating the ver- 
tical structure of an ink ejector, taken along line D - 
D of FIG. 7; 

FIGS. 9A and 9B are cross-sectional views illustrat- 
ing the ink ejection mechanism of an ink ejector 
shown in FIG. 3 taken along line C - C of FIG. 3; 
FIGS. 1 0 through 1 8 are cross-sectional views illus- 
trating a method for manufacturing an bubble-jet 
type ink-jet printhead including having an ink ejector 
shown in FIG. 3 according to a first embodiment of 
the present invention; and 
FIGS. 19 and 20 are cross-sectional views illustrat- 
ing a method for manufacturing a bubble-jet type 
ink-jet printhead having an ink ejector shown in FIG. 
7 according to a second embodiment of the present 
invention. 

[0014] The present invention will now be described 
more fully with reference to the accompanying draw- 
ings, in which preferred embodiments of the invention 
are shown. This invention may, however, be embodied 
in many different forms and should not be construed as 
being limited to the embodiments set forth herein. Rath- 



er, these embodiments are provided so that this disclo- 
sure will be thorough and complete, and will fully convey 
the concept of the invention to those skilled in the art. 
In the drawings, the size of some elements may be ex- 

5 aggerated for clarity. It will also be understood that when 
a layer is referred to as being "on" another layer or sub- 
strate, it can be directly on the other layer or substrate, 
or intervening layers may also be present. 
[0015] FIG. 2 is a schematic plan view illustrating an 

10 ink-jet printhead according to a first embodiment of the 
present invention. Referring to FIG. 2, ink ejectors 100 
are arranged in two rows in an alternating fashion on an 
ink supplying manifold 112 marked by dotted lines on 
the ink-jet printhead. Bonding pads 102, to which wires 

15 will be bonded, are arranged to be electrically connected 
to the ink ejectors 100. The manifold 112 is connected 
to an ink container (not shown). In FIG. 2, the ink ejec- 
tors 100 are illustrated as being arranged in two rows, 
however, they may be arranged in a single row or three 

20 or more rows in order to increase resolution. In addition, 
the manifold 1 1 2 may be formed under each row of the 
ink ejectors 100. A printhead using only one color ink is 
illustrated in FIG. 2, however, three or four groups of ink 
ejectors may be arranged in order to print color images. 

25 [0016] FIG. 3 is an enlarged plan view illustrating an 
ink ejector shown in FIG. 2. FIGS. 4A through 4C are 
cross-sectional views illustrating the vertical structure of 
the ink ejector, taken along lines A- A, B - B, and C - C, 
respectively, of FIG. 3. 

30 [0017] Referring to FIGS. 3 and 4A through 4C, an ink 
chamber 114, which will be filled with ink, is formed to 
be substantially hemispherical in a substrate 110 in the 
ink ejector 100, and an ink channel 116, along which ink 
will be supplied to the ink chamber 1 1 4, is formed to be 

35 shallower than the ink chamber 114. The manifold 112 
is formed under the ink channel 1 1 6 to meet one end of 
the ink channel 116 and supplies ink to the ink channel 
1 1 6. In addition, a projection 1 1 8 for preventing expand- 
ed bubbles from bulging into the ink channel 116 is 

40 formed at the boundary between the ink chamber 114 
and the ink channel 116. 

[0018] A nozzle plate 1 20 having a structure, in which 
predetermined material layers are stacked, is formed on 
the surface of the substrate 110 to form an upper wall 

45 of the ink chamber 114. The nozzle plate 120 is com- 
prised of a first insulating layer 1 26, a thermally conduc- 
tive layer 127, and a second insulating layer 128, which 
are sequentially stacked. In a case where the substrate 
1 1 0 is formed of silicon , the first insulating layer 1 26 may 

50 be formed of a silicon oxide layer by oxidizing the sur- 
face of the substrate 1 1 0 or may be formed of a tetrae- 
thyleorthosilicate (TEOS) oxide layer deposited on the 
substrate 110. The first insulating layer 1 26 is formed as 
thin as possible without losing its insulating character- 

55 istics. For example, the first insulating layer is formed to 
a thickness of about 500 - 2000 A, preferably, to a thick- 
ness of 1 000 A. The thermally conductive layer 1 27 may 
be formed of a material having thermal conductivity 
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higher than an oxide layer, for example, a polysilicon lay- 
er. The thermally conductive layer 127 is introduced to 
effectively discharge heat generated in a heater 140, 
which will be described later. The thermally conductive 
layer 127 is formed to be thicker than the first insulating 5 
layer 126. For example, the thermally conductive layer 
1 27 is formed to a thickness of about 1 - 2 urn. The sec- 
ond insulating layer 1 28 may be formed of a TEOS oxide 
layer deposited on the thermally conductive layer 127. 
The second insulating layer 1 28 is formed to a thickness 
of about 500 - 2000 A, preferably, to a thickness of 1 000 
A. 

[0019] A nozzle 122 is formed at a location corre- 
sponding to the center of the ink chamber 1 1 4. A groove 
124 for forming the ink channel 116 is formed to corre- 
spond to the ink channel 1 1 6. 

[0020] A nozzle guide 130 is formed to extend from 
the edge of the nozzle 122 toward the inside of the ink 
chamber 114. The nozzle guide 130 may be comprised 
of the thermally conductive layer 1 27 and the first insu- 
lating layer 126, which extend to the inside of the ink 
channel 114. Accordingly, the nozzle guide 130 has a 
three-layered structure comprised of the thermally con- 
ductive layer 127, which extends to the inside of the ink 
chamber 1 1 4, and the first insulating layer 1 26, which is 
formed at the sidewalls of the thermally conductive layer 
127. Since the nozzle guide 130 has such a three-lay- 
ered structure, it is strong enough to not be deformed 
due to high temperature and pressure variations in the 
ink chamber 114 caused by expansion of bubbles and 
ejection of ink droplets. The nozzle guide 1 30 guides the 
direction of ejection of ink droplets so that ink droplets 
can be precisely ejected in a direction perpendicular to 
the substrate 110. In addition, the nozzle guide 130 ef- 
fectively discharges heat generated in the ink chamber 
114, which will be described in greater detail. 
[0021 ] A heater 1 40 for generating bubbles is formed 
in a ring shape on the nozzle plate 120, i.e., on the sec- 
ond insulating layer 1 28 to surround the nozzle 1 22. The 
heater 1 40 is formed of a resistive heating element, such 
as impurity-doped polysilicon. Electrodes 1 60 for apply- 
ing pulse current, which are typically formed of a metal, 
are connected to the heater 140. The electrodes 160 
are connected to the bonding pads 102 of FIG. 2. 
[0022] FIG. 5 is a plan view illustrating another ink 
ejector. Referring to FIG. 5, a heater 140' of an ink ejec- 
tor 100' is formed in an omega shape, and electrodes 
160 are connected to the both ends of the heater 140*. 
In other words, whereas the heater 140 shown in FIG. 
3 is connected between the electrodes 160 in parallel, 
the heater 140' shown in FIG. 5 is connected between 
the electrodes 1 60 in series. The structure and arrange- 
ment of other components of the ink ejector 100' includ- 
ing a ink chamber 1 1 4, a ink channel 1 1 6, a nozzle plate 
1 20, a nozzle 1 22, and a nozzle guide 1 30 are the same 
as the structure and arrangement of the corresponding 
elements of the ink ejector 100 shown in FIG. 3. 
[0023] FIG. 6 is a schematic plan view illustrating an 



ink-jet printhead according to a second embodiment of 
the present invention. Sine the second embodiment is 
almost the same as the first embodiment, only differenc- 
es between the first and second embodiments will be 
described here. 

[0024] Referring to FIG. 6, ink ejectors 200 are ar- 
ranged in two rows in an alternating fashion on an ink 
supplying manifold 212. Bonding pads 202, to which 
wires will be bonded, are arranged to be electrically con- 
nected to the ink ejectors 200. 
[0025] FIG. 7 is an enlarged plan view of an ink ejector 
shown in FIG. 6, and FIG. 8 is a cross-sectional view 
illustrating the vertical structure of the ink ejector, taken 
along line D - D of FIG. 7. Referring to FIGS. 7 and 8, 
the ink ejectors 200 have the same structure as the ink 
ejectors 100 of the first embodiment, except for the 
shape and position of an ink channel 21 6 and the man- 
ifold 212. As shown in FIGS. 7 and 8, the ink chamber 
214, which will be filled with ink, is formed to be hemi- 
spherical in a substrate 21 0 of the ink ejector 200. The 
manifold 212, which supplies inktothe inkchamber214, 
is formed at the bottom of the substrate 210 under the 
ink chamber 214. The ink channel 216 is formed at the 
center of the bottom of the ink chamber 214 to connect 
the ink chamber 214 to the manifold 212. Since the di- 
ameter of the ink channel 216 affects an ink backflow 
phenomenon, in which ink bulges into the ink channel 
116, and the speed of ink to be refilled after ejection of 
ink, there is need to minutely control the diameter of the 
ink channel 216. 

[0026] Other components of the ink ejector 200 in- 
cluding a nozzle plate 220 comprised of multilayered 
material layers 226, 227, and 228, a nozzle 222, a noz- 
zle guide 230, a heater 240, and electrodes 260 are the 
same as the corresponding elements of the ink ejector 
1 00 of the first embodiment, and thus their descriptions 
will not be repeated here. The heater 240 is illustrated 
as being ring-shaped, however, may be formed in an 
omega shape. 

[0027] Hereinafter, the ink ejection mechanism of an 
ink-jet printhead according to the present invention will 
be described with reference to FIGS. 9A and 9B. Here, 
the ink ejection mechanism and effects of the ink-jet 
printhead according to the first embodiment are almost 
the same as those of the ink-jet printhead according to 
the second embodiment of the present invention, and 
thus only the ink ejection mechanism of the ink-jet print- 
head according to the first embodiment of the present 
invention will be described here. 
[0028] Referring to FIG. 9A, ink 190 is supplied to the 
ink chamber 1 1 4 via the manifold 1 1 2 and the ink chan- 
nel 1 1 6 due to capillary action. If pulse current is applied 
to the heater 1 40 by the electrodes 1 60 in a state where 
the ink chamber 1 14 is filled with the ink 1 90, the heater 
140 generates heat, and the heat is transmitted to the 
ink 190 via the nozzle plate 120 under the heater 140. 
Accordingly, the ink 1 90 begins to boil, and a bubble 1 92 
is generated. The shape of the bubble 1 92 is formed to 
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be almost the same as a donut in accordance with the 
shape of the heater 140, as shown in the right side of 
FIG. 9A. Here, the heat generated by the heater 1 40 can 
be easily transmitted via the nozzle plate 120 by the 
thermally conductive layer 1 27 having high thermal con- 
ductivity. In addition, since the two insulating layers 126 
and 128 having lower thermal conductivity are very thin- 
ly formed, the transmission of heat can hardly be dis- 
turbed. 

[0029] As time goes by, the donut-shaped bubble 1 92 
continues to expand more and changes into a disk- 
shaped bubble 192' having a slightly recessed upper 
center. At the same time, the direction of ejection of an 
ink droplet 190' is guided by the nozzle guide 130, and 
the ink droplet 1 90' is ejected from the ink chamber 1 1 4 
via the nozzle 122 by the expanding bubble 192'. The 
disk-shaped bubble 192' can be easily formed by con- 
trolling the length of the nozzle guide 130 extending 
down. 

[0030] If the current applied to the heater 140 is cut- 
off, the bubble 192' cools. Accordingly, the bubble 192' 
may begin to contract or burst, and the ink chamber 1 1 4 
is refilled with ink 1 90 via the ink channel 116. 
[0031 ] According to the ink ejection mechanism of the 
ink-jet printhead, as described above, if the tail of the 
ink droplet 1 90' to be ejected is cut by the donut-shaped 
bubble 192 transforming into the disk-shaped bubble 
1 92\ it is possible to prevent small satellite droplets from 
occurring. 

[0032] In addition, since the heater 140 is formed in a 
ring shape or an omega shape, it has an enlarged area. 
Accordingly, the time taken to heat or cool the heater 
140 can be reduced, and thus the period from when the 
bubbles 192 and 192' first appear to their collapse can 
be shortened. Accordingly, the heater 140 can have a 
high response rate and a high driving frequency. In ad- 
dition, the ink chamber 114 formed in a hemispherical 
shape has a more stable path for expansion of the bub- 
bles 192 and 192' than a conventional ink chamber 
formed as a rectangular parallelepiped or a pyramid. 
Moreover, in the hemispherical ink chamber, bubbles 
are very quickly generated and quickly expand, and thus 
it is possible to eject ink within a shorter time. 
[0033] In addition, since the expansion of the bubbles 
192 and 192* is restricted within the ink chamber 114, 
and accordingly, the ink is prevented from flowing back- 
ward, adjacent ink ejectors can be prevented from being 
affected by one another. Moreover, the ink channel 1 1 6 
is formed shallower and smaller than the ink chamber 
114, and the projection 118 is formed at the boundary 
between the ink chamber 1 1 4 and the ink channel 116. 
Thus, it is possible to effectively prevent the ink 1 90 and 
the bubble 192' from bulging into the ink channel 116. 
In a case where the diameter of the ink channel 216 is 
smaller than the diameter of the nozzle 222 in the sec- 
ond embodiment of the present invention described with 
reference to FIGS. 6 through 8, it is possible to effec- 
tively prevent backflow of ink. 



[0034] The direction of ejection of the droplet 190" is 
guided by the nozzle guide 130 so that the droplet 190' 
can be precisely ejected in a direction perpendicular to 
the substrate 110. In a case where the nozzle guide 130 

5 does not have sufficient strength, it may be easily de- 
formed due to high temperature in the ink chamber 114 
and pressure variations in the ink chamber 114 caused 
by the expansion of the bubbles 192 and 192' and the 
ejection of the ink droplet 1 90'. Thus, it is difficult to form 

10 the bubbles 192 and 192' in a desired shape and pre- 
cisely eject the droplet 1 90' in a desired direction. How- 
ever, according to the present invention, since the noz- 
zle guide 1 30 is formed to have a multilayered structure, 
as described above, its strength can be maintained at a 

15 sufficiently high level. Thus, the nozzle guide 1 30 cannot 
be easily deformed due to high temperature and pres- 
sure variations in the ink chamber 114. 
[0035] In addition, since the thermally conductive lay- 
er 1 27 having high thermal conductivity is formed at the 

20 nozzle plate 1 20 and the nozzle guide 1 30, heat gener- 
ated in the ink chamber 114 can be more quickly dis- 
charged through the thermally conductive layer 127 
when the current applied to the heater 140 is cut-off. Ac- 
cordingly, the ink 1 90 quickly cools, and the bubble 1 92' 

25 quickly collapses. Thus, the driving frequency of the 
printhead can be increased. 

[0036] A method for manufacturing an ink-jet print- 
head according to a first embodiment of the present in- 
vention will be described below. FIGS. 10 through 18 

30 are cross-sectional views illustrating a method for man- 
ufacturing a printhead having an ink ejector shown in 
FIG. 3. Specifically, the left side of FIGS. 10 through 18 
are cross-sectional views taken along line A - A of FIG. 
3, and the right side of FIGS. 10 through 18 are cross- 

35 sectional views taken along line C - C of FIG. 3. 

[0037] Referring to FIG. 10, a silicon wafer having a 
thickness of about 500 jxm and having a crystal direction 
<1 00> is used as a substrate 1 1 0. This is because usage 
of a silicon wafer that has been widely used in the man- 

40 ufacture of semiconductor devices contributes to the ef- 
fective mass production of ink-jet printheads. A ring- 
shaped groove 1 30' having a depth of about 1 0 Om and 
a width of about 2 u.m is formed at the surface of the 
substrate 110. The ring-shaped groove 130' is used to 

45 form a nozzle guide and its diameter is determined in 
consideration of the desired diameter of a nozzle to be 
formed later, for example, a diameter of 1 6 - 20 urn The 
groove 130' may be formed by anisotropically etching 
the surface of the substrate 110 using a photoresist pat- 

50 tern as an etching mask. 

[0038] Next, a first insulating layer 126 is formed at 
the surface of the silicon wafer 100. The first insulating 
layer 126 may be formed of a silicon oxide layer. Silicon 
oxide layers 126 and 126' are formed by wet-oxidizing 

55 or dry-oxidizing the top and bottom surfaces of the sili- 
con wafer 110 in an oxidization furnace. The first insu- 
lating layer 126 is formed as thin as possible but not 
losing its insulating characteristics. For example, the 
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first insulating layer 1 26 is formed to a thickness of about 
500 - 2000 A, preferably, to a thickness of 1 000 A. The 
first insulating layer 126 can be replaced with a TEOS 
oxide layer deposited on the surface of the substrate 
110. 5 
[0039] Only a portion of a silicon wafer is illustrated in 
FIG. 10. Actually, the printhead according to the present 
invention is formed to include several tens through sev- 
eral hundreds of chips on a wafer. In addition, the silicon 
oxide layers 1 26 and 1 26' are illustrated as being formed 
at the top and bottom surfaces, respectively, of the sub- 
strate 110 because a batch oxidization furnace is used 
to oxide the substrate 110. However, in the case of using 
a sheet-fed oxidization furnace, in which only the top 
surface of the substrate 1 1 0 is exposed, only the top sur- 
face of the substrate 1 1 0 can be oxidized, and thus the 
silicon oxide layer 1 26* is not formed at the bottom sur- 
face of the substrate 110. All material layers shown in 
FIGS. 1 0 through 1 8 may be formed only at the top sur- 
face of the substrate 110 or at both the top and bottom 
surfaces of the substrate 110 according to types of ap- 
paratuses used to form the material layers. However, 
such material layers (a polysilicon layer, a silicon nitride 
layer, a TEOS oxide layer, and so on) will be described 
and illustrated as being formed only at the top surface 
of the substrate 110 for the convenience of description. 
[0040] Referring to FIG. 11, a thermally conductive 
layer 1 27 and a second insulating layer 1 28 are sequen- 
tially deposited on the first insulating layer at the top sur- 
face of the substrate 1 1 0, thereby forming a nozzle plate 
1 20 having a three-layered structure. The thermally con- 
ductive layer 127 may be formed of a polysilicon layer. 
The polysilicon layer may be deposited to a predeter- 
mined thickness, for example, a thickness of about 1 - 
2 u,m, on the first insulating layer 126 by chemical vapor 
deposition (CVD). As a result of the deposition, the poly- 
silicon layer is deposited in the ring-shaped groove 1 30'. 
Accordingly, the groove 1 30' is completely filled with the 
thermally conductive layer 127 and the first insulating 
layer surrounding the thermally conductive layer 127 to 
form a nozzle guide 130. 

[0041] Next, a TEOS oxide layer is formed to a thick- 
ness of about 500 - 2000 A, preferably, to a thickness 
of 1 000 A, on the thermally conductive layer 1 27 as the 
second insulating layer 128. Finally, a nozzle plate 120 
having a structure, in which the first insulating layer 1 26, 
the thermally conductive layer 127, and the second in- 
sulating layer 128 are sequentially stacked, is formed. 
[0042] Referring to FIG. 12, a ring-shaped heater 140 
and a silicon nitride layer 150 are formed on the nozzle 
plate 120. The heater 140 is formed by depositing im- 
purity-doped polysilicon on the nozzle plate 120, i.e., on 
the second insulating layer 1 28, and patterning the poly- 
silicon in a ring shape. Specifically, the impurity-doped 
polysilicon is deposited along with impurities, such as 
phosphorus source gas, on the second insulating layer 
128 to a thickness of about 0.7 - 1 u.m by low pressure 
chemical vapor deposition (LPCVD). The thickness of 



the deposited polysilicon layer can be adjusted to have 
an appropriate resistance value in consideration of the 
width and length of the heater 140. The polysilicon layer 
deposited on the entire surface of the second insulating 
layer 128 is patterned by a photolithographic process 
using a photomask and photoresist and an etching proc- 
ess using a photoresist pattern as an etching mask. The 
silicon nitride layer 1 50 is a protection layer for the heat- 
er 1 40 and may be deposited to a thickness of about 0.5 
ujti by LPCVD. 

[0043] Referring to FIG. 13, a manifold 112 is formed 
by partially etching the bottom portion of the substrate 
1 1 0 to be slated. Specifically, an etching mask is formed 
to define a predetermined portion of the bottom surface 
of the substrate 110, and the bottom of the substrate 1 1 0 
is wet-etched using tetramethylammoniumhydroxide 
(TMAH) as an etchant for a predetermined time. During 
the wet-etching, the etching rate of the substrate 110 in 
a crystal orientation <111> is lower than the etching rate 
of the substrate 110 in other orientations, and thus the 
manifold 112 is formed to have an inclination angle of 
about 54.7°. 

[0044] The manifold 112 may be formed before the 
manufacturing step described with reference to FIG. 13 
or after a step of forming a TEOS oxide layer 1 70 of FIG. 
15, which will be described later. In addition, the mani- 
fold 112 is described above as being formed by inclina- 
tion etching; however, it may be formed by anisotropic 
etching. Alternatively, the manifold 112 may be etched 
to perforate the substrate 1 1 0 or may be formed by etch- 
ing not the bottom of the substrate 110 but the top sur- 
face of the substrate 110. 

[0045] Referring to FIG. 14, an electrode 160 is 
formed, and then a predetermined portion of the sub- 
strate 1 1 0, at which a nozzle will be formed, is exposed. 
Specifically, a predetermined portion of the silicon ni- 
tride layer 150 on the heater 140 is etched to expose 
the predetermined portion of the heater 140, which will 
be connected to the electrode 1 60. Next, the electrode 
1 60 is formed by depositing a metal which has high con- 
ductivity and is easy to pattern, such as aluminium or 
an aluminium alloy, to a thickness of about 1 jim by sput- 
tering and patterning the metal layer. At the same time, 
the metal layer is patterned to form wiring layers (not 
shown) and a bonding pad 102 of FIG. 2 in different re- 
gions. Next, portions of the silicon nitride layer 150 and 
the nozzle plate 120 corresponding to a nozzle to be 
formed are sequentially etched to expose the substrate 
110. 

[0046] Referring to FIG. 15, a TEOS oxide layer 170 
is formed on the entire surface of the substrate 110, on 
which the electrode 160 has been formed. The TEOS 
oxide layer 1 70 may be deposited at a low temperature 
within a range in which the electrode 160 formed of alu- 
minium or an aluminium alloy and the bonding pad 102 
of FIG. 2 are not deformed, for example, at 400 °C or 
below, by chemical vapor deposition (CVD). The TEOS 
oxide layer 1 70 is formed to partially cover the thermally 
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conductive layer 127 exposed in the step described 
above with reference to FIG. 14. 
[0047] Referring to FIG. 16, a groove 124 for forming 
an ink channel is formed. Specifically, as shown In the 
right side of FIG. 16, the groove 124 is formed in a line 
shape outside the heater 140 to extend above the man- 
ifold 1 1 2. The groove 1 24 may be formed by sequentially 
etching the TEOS oxide layer 1 70, the silicon nitride lay- 
er 1 50, and the nozzle plate 1 20 to expose the substrate 
1 1 0. The groove 1 24 is formed to have a length of about 
50 <Dm and a width of about 2 ujn. Here, the substrate 
110 is exposed by etching the TEOS oxide layer 170 at 
the bottom of the nozzle 122. The groove 124 may be 
formed when exposing the predetermined portion of the 
substrate, at which the nozzle 1 22 will be formed, in the 
step described above with reference to FIG. 14, in which 
case the TEOS oxide layer 170 at the bottom of the 
groove 124 is removed in the step shown in FIG. 16. In 
addition, the groove 1 24 may be formed in a step shown 
in FIG. 17. 

[0048] Next, as shown in FIG. 1 7, the predetermined 
portion of the substrate 110 exposed through the nozzle 
122 is anisotropically etched so that the inner circum- 
ference of the nozzle guide 130 can be completely ex- 
posed. 

[0049] As shown in FIG. 18, the exposed potions of 
the substrate 110 are etched, thereby forming an ink 
chamber 1 1 4 and an ink channel 1 1 6. The ink chamber 
1 1 4 may be formed by isotropically etching the substrate 
110 exposed through the nozzle 122. Specifically, the 
substrate 110 is dry-etched for a predetermined time us- 
ing XeF 2 gas or BrF 3 gas as an etching gas. As a result 
of the dry etching, the ink chamber 1 14 is formed to be 
a substantially hemispherical shape with a depth and a 
diameter of about 20 ujn, and simultaneously, the ink 
channel 116 is formed to connect the ink chamber 114 
and the manifold 112 and have a depth and a diameter 
of about 8 - 12ujti. In addition, a projection 118 for pre- 
venting bubbles generated in the ink chamber 114 from 
bulging into the ink channel 116 is formed along the 
boundary between the ink chamber 114 and the ink 
channel 1 1 6. The ink chamber 114 and the ink channel 
1 1 6 may be formed at the same time or may be sequen- 
tially formed. 

[0050] FIGS. 19 and 20 are cross-sectional views il- 
lustrating a method for manufacturing an ink-jet print- 
head having an ink ejector shown in FIG. 7 according to 
a second embodiment of the present invention, taken 
along line D - D of FIG. 7. 

[0051] The method for manufacturing an ink-jet print- 
head according to the second embodiment of the 
present invention is the same as the method for manu- 
facturing an ink-jet printhead according to the first em- 
bodiment of the present invention, except for a step of 
forming a manifold and a step of forming an ink channel. 
[0052] In other words, the steps described above with 
reference to FIGS. 11 and 12 are the same as the cor- 
responding steps of the second embodiment of the 



present invention. However, in the second embodiment, 
unlike in the first embodiment, a manifold is formed un- 
der an ink chamber to be formed later by etching the 
bottom portion of a substrate 210, as shown in FIG. 19. 

5 [0053] The steps described above with reference to 
FIGS. 1 4 through 1 8 are the same as the corresponding 
steps of the second embodiment. However, in the sec- 
ond embodiment, unlike in the first embodiment, the ink 
channel shown in the right side of FIGS. 14 through 18 

10 js not formed. Instead of forming the ink channel, in the 
second embodiment, an ink channel 21 6 is formed to be 
connected to the manifold 21 2 by anisotropically etching 
the middle portion of the bottom of the ink chamber 21 4 
after forming an ink chamber 21 4, as shown in FIG. 20. 

is Then, the ink-jet printhead according to the second em- 
bodiment of the present invention is completed. 
[0054] As described above, the ink-jet printhead hav- 
ing a hemispherical chamber and the method for man- 
ufacturing the same produces the following effects. 

20 [0055] First, since a heater is formed in a ring shape 
and an ink chamber is formed in a hemispherical shape, 
it is possible to prevent backflow of ink and cross-talk 
among adjacent ink ejectors. In addition, it is possible 
to prevent satellite droplets from occurring. 

25 [0056] Second, since the direction of ejection of drop- 
lets is guided by a nozzle guide, it is possible to precisely 
eject droplets in a direction perpendicularto a substrate. 
In addition, since the nozzle guide is formed to have a 
multilayered structure and sufficiently maintain its high 

30 strength, it can be prevented from being deformed irre- 
spective of high temperature and pressure variations in 
an ink chamber. 

[0057] Third, since a thermally conductive layer hav- 
ing high thermal conductivity is formed at a nozzle plate 

35 and the nozzle guide, it is possible to more quickly dis- 
charge heat generated in the ink chamber through the 
thermally conductive layer. Thus, ink can quickly cool, 
and bubbles can quickly collapse. Accordingly, the pe- 
riod of time when bubbles first appear to their collapse 

40 can be shortened, thus increasing the driving frequency 
of the printhead. 

[0058] Fourth, since elements of a printhead including 
a substrate, in which a manifold, an ink chamber, and 
an ink channel are formed, a nozzle, a nozzle guide, and 

45 a heater are formed to be integrated into one body, the 
inconvenience of the prior art, in which a nozzle plate, 
an ink chamber, and an ink channel are separately man- 
ufactured and then are bonded to one another, and the 
problem of misalignment can be overcome. In addition, 

50 typical processes for manufacturing semiconductor de- 
vices can be directly applied to the manufacture of a 
bubble-jet type ink-jet printhead according to the 
present invention, and thus mass production of the print- 
head can be facilitated. 

55 [0059] While this invention has been particularly 
shown and described with reference to preferred em- 
bodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may 
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be made therein without departing from the spirit and 
scope of the invention as defined by the appended 
claims. For example, the elements of the printhead ac- 
cording to the present invention may be formed of dif- 
ferent materials, which are not mentioned in the speci- 
fication. A substrate may be formed of a material which 
is easy to process, instead of silicon, and a heater, an 
electrode, a silicon oxide layer, and a nitride layer may 
be formed from different materials. In addition, the meth- 
ods for depositing materials and forming elements sug- 
gested above are just examples. Various deposition 
methods and etching methods may be employed within 
the scope of the present invention. 
[0060] Also, the order of processing steps in the meth- 
od for manufacturing a printhead according to the 
present invention may be different. Finally, numerical 
values presented in the specification may be freely ad- 
justed within a range in which a printhead can operate 
normally. 



Claims 

1. An ink-jet printhead having a hemispherical ink 
chamber, the ink-jet printhead comprising: 

a substrate, in which a manifold for supplying 
ink, an ink chamber having a substantially hem- 
ispherical shape for filling with ink to be ejected, 
and an ink channel for supplying ink from the 
manifold to the ink chamber are integrally 
formed to be in one body; 
a nozzle plate formed to have a multilayered 
structure, in which a first insulating layer, a ther- 
mally conductive layer formed of a thermally 
conductive material, and a second insulating 
layer are sequentially stacked, and having a 
nozzle, through which ink is ejected, formed at 
a location corresponding to the center of the ink 
chamber; 

a nozzle guide having a multilayered structure 
and extending from the edge of the nozzle to 
the inside of the ink chamber; 
a heater formed on the nozzle plate to surround 
the nozzle; and 

an electrode formed on the nozzle plate to be 
electrically connected to the heater and supply 
current to the heater. 

2. The ink-jet printhead of claim 1 , wherein the mani- 
fold is formed at the bottom of the substrate, and 
the ink channel is formed to a predetermined depth 
of the substrate so that the both ends of the ink 
channel can be connected to the manifold and the 
ink chamber. 

3. The ink-jet printhead of claim 1 , wherein the mani- 
fold is formed at the bottom of the substrate, and 



the ink channel is formed to be connected to the 
manifold at the bottom of the ink chamber. 

4. The ink-jet printhead of any preceding claim, where- 
5 in the nozzle guide is formed by extending the ther- 
mally conductive layer and the first insulating layer 
of the nozzle plate, and the thermally conductive 
layer is formed to have a multilayered structure, in 
which the thermally conductive layer is surrounded 

10 by the first insulating layer. 

5. The ink-jet printhead of any preceding claim, where- 
in the first and second insulating layers are formed 
of an oxide layer. 

15 

6. The ink-jet printhead of any preceding claim, where- 
in the first and second insulating layers are formed 
to a thickness of about 500 - 2000 A. 

20 7. The ink-jet printhead of any preceding claim, where- 
in the thermally conductive layer is formed of poly- 
silicon. 

8. A method for manufacturing an ink-jet printhead 
25 having a hemispherical chamber, the method com- 
prising: 

forming a ring-shaped groove for forming a noz- 
zle guide at the surface of a substrate; 

30 forming a nozzle plate and a nozzle guide hav- 

ing a multilayered structure and including a 
thermally conductive layer formed at the sur- 
face of the substrate; 
forming a heater on the nozzle plate; 

35 forming a manifold for supplying ink by etching 

the substrate; 

forming an electrode on the nozzle plate to be 
electrically connected to the heater; 
forming a nozzle having almost the same diam- 
40 eter as the nozzle guide by etching the nozzle 

plate inside the heater; 

forming an ink chamber in a substantially hem- 
ispherical shape by etching the substrate ex- 
posed through the nozzle; and 
45 forming an ink channel for supplying ink from 

the manifold to the ink chamber by etching the 
substrate. 

9. The method of claim 8, wherein forming the nozzle 
so plate and the nozzle guide comprises: 

forming a first insulating layer at the surface of 
the substrate and the inner surfaces of the ring- 
shaped groove; 
55 forming the thermally conductive layer by de- 

positing polysilicon on the first insulating layer 
and simultaneously forming the nozzle guide by 
filling the polysilicon in the ring-shaped groove; 
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and 

forming a second insulating layer on the ther- 
mally conductive layer. 

10. The method of claim 9, wherein the first and second 5 
insulating layers are formed to a thickness of about 
500 - 2000 A, and the thermally conductive layer is 
formed to a thickness of about 1 - 2 u,m. 

11. The method of any of claims 8 to 10, wherein the 10 
ink channel is formed to be connected to the man- 
ifold by anisotropically etching the substrate at the 
bottom of the ink chamber to have a predetermined 
diameter. 

15 

12. The method of any of claims 8 to 11, wherein form- 
ing the ink channel comprises: 

forming a groove for forming the ink channel, 
through which the substrate is exposed, by 20 
etching the nozzle plate between the outside of 
the heater and the manifold; and 
isotropically etching the substrate exposed 
through the groove. 
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FIG. 2 
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FIG. 4C 
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(57) An ink-jet printhead having a hemispherical ink 
chamber (114) and a method for manufacturing the 
same are provided. The ink-jet printhead includes a sub- 
strate (110), in which a manifold (112) for supplying ink, 
an ink chamber (114) having a substantially hemispher- 
ical shape and filled with ink to be ejected, and an ink 
channel (116) for supplying ink from the manifold (112) 
to the ink chamber (1 1 4) are formed to be integrated into 
one body, a nozzle plate (120) formed to have a multi- 
layered structure, in which a first insulating layer (126), 
a thermally conductive layer (127) formed of a thermally 
conductive material, and a second insulating layer (1 28) 
are sequentially stacked, and having a nozzle (122), 
through which ink is ejected, formed at a location corre- 
sponding to the center of the ink chamber (1 1 4) , a nozzle 
guide (1 30) having a multilayered structure and extend- 
ing from the edge of the nozzle to the inside of the ink 
chamber, a heater (140) formed on the nozzle plate 
(120) to surround the nozzle, and an electrode formed 
on the nozzle plate to be electrically connected to the 
heater (1 40) and supply current to the heater (1 40). The 
nozzle guide (130) is formed by extending the thermally 
conductive (1 27) layer and the first insulating layer (1 26) 
of the nozzle plate (120), and the thermally conductive 
layer is formed to have a multilayered structure, in which 
the thermally conductive layer is surrounded by the first 
insulating layer. Accordingly, it is possible to satisfy re- 



quirements of a printhead. In addition, since the nozzle 
guide (130) is strong enough to not be deformed and 
heat can be quickly discharged through the thermally 
conductive layer, it is possible to increase the driving 
frequency of the printhead. 
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